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[Name of the Document! Specification 
[Name of the Invention! 

Process of manufacturing a semiconductor device 

[claims] 
[claim l! 

A process of manufacturing a semiconductor device comprising 
the steps of: 

forming a stacked structure of a first III-V compound 
semiconductor layer containing In and having a composition different 
from InP and a second III-Y compound semiconductor layer containing 
In, said second III-V compound semiconductor layer being formed over 
said first III-V compound semiconductor layers- 
growing an InP layer at regions adjacent said stacked structure 
to form a stepped structure of InP; and 

wet-etching said stepped structure and said second III-V 
compound semiconductor layer using an etchant containing hydrochloric 
acid and acetic acid to remove at least said second III-V compound 
semiconductor layer, 
[claim 2! 

The process as claimed in claim 1^ wherein said etchant further 
contains at least one of water and hydrogen peroxide solution, 
[claim 31 

The process as claimed in claim 1, wherein said etchant has a 
composition tailored such that, in said wet etching step, an etching 
rate of said stepped structure and an etching rate of said second III-V 
compound semiconductor layer are substantially equal, 
[claim 4! 

The process as claimed in claim 3, wherein said forming step 
is performed such that said second III-V compound semiconductor layer 
has a thickness that is substantially equal to a product of an etching 
rate of the InP layer using said etchant and an etching time of said 
etching step, 
[claim 5] 

The process as claimed in claim 1, wherein said etchant has a 
composition tailored such that, in said wet etching step, an etching 
rate of said stepped structure is lower than an etching rate of said 
second III-V compound semiconductor layer . 
[Claim 61 

The process as claimed in claim 1, further comprising the step 

of: 
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performing, after said wet etching step, a further wet-etching 
process using a further etchant containing hydrochloric acid and acetic 
acid to obtain a planarized structure, said further etchant having a 
composition tailored such that an etching rate of said stepped 
structure is greater than an etching rate of said second III-V compound 
semiconductor layer . 
[claim 7] 

The process as claimed in claim 6, wherein the relationship 
between an etching time Ti in said wet etching step and an etching time 
T2 in said planarizing step is determined in accordance with an 
equation: 

(V2-Vi)xTi=(V3-V4)xT2, 

where Vi is an etching rate of the InP layer in said wet etching 

step; 

V2 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step, 
[claim 8] 

The process as claimed in claims 1 or 2, wherein said etchant 
has a composition tailored such that, in said wet etching step, an 
etching rate of said stepped structure is greater than an etching rate 
of said second III-V compound semiconductor layer. 
[Claim 9] 

The process as claimed in claim 8, further comprising the step 

of: 

d) perfo2nning, after said further etching process, a further 
wet-etching process using a further etchant containing hydrochloric 
acid and acetic acid to obtain a planarized structure, said further 
etchant having a composition tailored such that an etching rate of said 
stepped structure is smaller than an etching rate of said second III-V 
compound semiconductor layer, 
[claim 10] 

The process as claimed in claim 11, wherein the relationship 
between an etching time Ti in said wet etching step and an etching time 
T2 in said planarizing step is determined in accordance with an 
equation: 

(V1-V2) xTi=(V4-V3) XT2. 
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where Vi is an etching rate of the InP layer in said wet etching 

step; 

V2 is an etching rate of said second III-V compound semiconductor 
layer in said wet etching step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step, 
[claim 1 1 ] 

The process as claimed in claims 1 or 2, wherein said forming 
the stacked structure step further comprises the steps of: 

forming a pattern covering said second III-V compound 
semiconductor layer on said stacked structure; and 

growing an InP layer using said pattern as a growth mask, 

wherein said wet etching step is performed with said stacked 
structure being protected by said pattern, 
[claim 1 21 

The process as claimed in claim 11, further comprising the step 

of: 

d) removing said pattern after said wet etching step; and 

e) performing a further wet-etching process using a further 
etchant containing hydrochloric acid and acetic acid to obtain a 
planarized structure, said further etchant having a composition 
tailored such that an etching rate of said stepped structure is smaller 
than an etching rate of said second III-V compound semiconductor layer. 

[claim 1 3 1 

The process as claimed in claim 12, wherein the relationship 
between an etching time Ti in said wet etching step and an etching time 
T2 in said planarizing step is determined in accordance with an 
equation: 

VixTi=(V4-V3)xT2. 

where Vi is an etching rate of the InP layer in said wet etching 

step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step, 
[claim 14] 

The process as claimed in claims 5 to 13, wherein said further 
etchant contains at least one of water and hydrogen peroxide solution. 



3 



[claim 15] 

The process as claimed in claims 1 or 2, wherein, after said 
wet etching step, said stepped structure is provided with a planarized 
surface formed of a (100), (Oil) or (0-1-1) surface. 
[Claim 1 6 ] 

The process as claimed in claim 15, wherein said planarized 
surface is substantially flush with the surface of said first III-V 
compound semiconductor layer, 
[claim 1 7 ] 

The process as claimed in claims 1 or 2, wherein, after said 
wet etching step, said stepped structure is provided with a planarized 
surface near a (100), (Oil) or (0-1-1) surface, 
[claim 1 8 ] 

The process as claimed in claims 1 to 17, wherein said second 
III-V compound semiconductor layer has a composition chosen from a 
group consisting of InP, InGaAs, InAs, InGaP, InGaAsP and GalnNAs. 
[claim 19] 

The process as claimed in claims 1 to 18, wherein said first 
III-V compound semiconductor layer has a composition chosen from a 
group consisting of InGaAs and InGaAsP. 
[Detailed description of the Invention] 

[0 0 0 1] 
[Field of the Invention] 

The present invention generally relates to a compound 
semiconductor device and particularly relates to a process of 
manufacturing an optical semiconductor device used for optical 
communications and optical information processing. 
[0 0 0 2] 

A compound semiconductor has a band structure of a direct 
transition type that interacts with light and thus an optical 
semiconductor device utilizing compound semiconductor is widely used 
in the fields of optical communications and optical information 
processing. An InP material system's semiconductor device, 
particularly a laser diode, is important since it produces optical 
signals having a wavelength of 1.3 or 1.55 ym band which may be 
transmitted in an optical fiber. 
[0 0 0 3] 
[Description of the Related Art] 

In order to improve laser oscillation efficiency for such a laser 
diode, it is necessary to provide a current blocking structure for 
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confining injected carriers within a limited region along an axial 
direction. Further^ since laser oscillation is produced by induced 
emission, light should also be efficiently confined within the region 
where the carriers are confined. For a laser diode of an InP material 
system, a horizontal light-confinement effect is achieved by adjusting 
a difference of refractive indices of the InGaAsP core for guiding the 
light and an InP buried layer. 
[0 0 0 4] 

Figs. lA to ID are diagrams showing various steps of a 
manufacturing process of a laser diode 10 having a buried-hetero (BH) 
structure which serves as an electric current and light confinement 
structure. 

[0 0 0 51 

Referring to Fig. lA, a multi-quantum well layer 12 is formed 
over an n-type InP (n-InP) substrate 11. The mult i -quantum well layer 
12 includes repeatedly stacked InGaAsP layers. Further, a p-type InP 
(p-InP) cladding layer 13 and a p-type InGaAs (p-InGaAs) contact layer 
14 are, in turn, formed on the multi-quantum well layer 12. 
[0 0 0 6] 

Then, in a step shown in Fig. IB, a Si02 film 15 serving as an 
etching protection layer is formed on the contact layer 14. Then, dry 
etching is performed on such a structure to form active layer 
mesa-stripes. In the illustrated example, the mesa-stripes extend in 
the <011> direction. 
[0 0 0 7] 

In a step shown in Fig. IC, a metal organic vapor phase epitaxy 
(MOVPE) is performed using the Si02 film 15 as a selective growth mask, 
such that crystals grow on both sides of the mesa strips to produce 
Fe-doped high-resistance InP buried layers 16A and 16B. During a 
regrowth step of such InP buried layers 16A and 16B, the (111) B surface 
develops which is a growth-stop surface- As a result, the buried layer 
builds up at the edge of the mask and gives a growth configuration that 
is raised as shown by reference numerals 16a and 16b. 
[0 0 0 8] 

Finally, in a step shown in Fig. ID, the SiOa film 15 is removed, 
a p-side electrode 17 is formed on the contact layer 14 and an n-side 
electrode 18 is formed on a lower surface of the substrate 11. 
[0 0 0 9] 

[Problem (s) to be Solved by the Invention] 

As has been described above, when a buried growth process of 
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the InP layers 16A and 16B is performed using the SiOa film 15 as a 
selective growth mask^ the InP layers 16A and 16B inevitably rises at 
the regions 16a and 16b which correspond to the edges of the Si02 film 
15. This is due to the fact that the crystals do not grow on the SiOa 
film 15 and thus the concentration of the material locally increases 
on the Si02 film 15. This causes an excessive supply of the material 
to the surface of the InP layer 16A or 16B grown on both sides of the 
mesa-region. For the step shown in Fig. IC, when the height of the 
mesa-stripe is about 1.5 |im, the InP layers ISA, 16B will rise about 
0.7 ]am at the regions 16a, 16b at the edge of the mask. 
[0 0 10] 

As has been described above, in the step shown in Fig. ID, the 
p-side electrode 17 is foimied on such a stepped surface. When a Ti 
layer, a Pt layer and an Au layer are sputtered in turn to form the 
p-side electrode 17, the Ti layer and the Pt layer each has a thickness 
of only about 0.1 pm. Therefore, as shown in Fig. 2, a break or 
discontinuity of the electrode layer may occur at uneven parts 17a due 
to the stepped configuration of the underlying structure. Such a break 
of the electrode causes an uneven electric current flow and thus gives 
rise to electric degradation of the device. Accordingly, it is 

a general object of the present invention to provide a novel and useful 
process of manufacturing a semiconductor device which can solve the 
problems described above. 
[0 0 11] 

Therefore, the general object of the present invention is to 
provide a new and useful method of manufacturing a semiconductor device 
to solve the problem. 
[0 0 12] 

It is another and more specific object of the present invention 
to provide a process of manufacturing a semiconductor device in which, 
after forming a stepped structure of InP in a region adjacent to a mesa 
structure including a III-V group compound semiconductor layer by a 
regrowth process of an InP layer using a selective growth mask, the 
stepped structure is planarized by a simple wet-etching process to 
provide a planarized surface substantially flush with the surface of 
the III-V compound semiconductor layer. 
[0 0 131 
[Means for Solving the Problem] 

According to the present invention, a process of manufacturing 
a semiconductor device includes the steps of: 
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a) forming a stacked structure of a first III-V compound 
semiconductor layer containing In and having a composition different 
from InP and a second III-V compound semiconductor layer containing 
In, the second III-V compound semiconductor layer being formed over 
the first III-V compound semiconductor layer; 

b) growing an InP layer at regions adjacent the stacked structure 
to form a stepped structure of InP; and 

c) wet-etching the stepped structure and the second III-V 
compound semiconductor layer using an etchant containing hydrochloric 
acid and acetic acid to remove at least the second III-V compound 
semiconductor layer . 

According to the claim 2, the present invention provide: 
The process as claimed in claim 1, wherein said etchant further 
contains at leasi: one of water and hydrogen peroxide solution. 
According to the claim 3, the present invention provide: 
The process as claimed in claim 1, wherein said etchant has a 
composition tailored such that, in said wet etching step, an etching 
rate of said stepped structure and an etching rate of said second III-V 
compound semiconductor layer are substantially equal. 

According to the claim 4, the present invention provide: 
The process as claimed in claim 3, wherein said forming step 
is performed such that said second III-V compound semiconductor layer 
has a thickness that is substantially equal to a product of an etching 
rate of the InP layer using said etchant and an etching time of said 
etching step. 

According to the claim 5, the present invention provide: 
The process as claimed in claim 1, wherein said etchant has a 
composition tailored such that, in said wet etching step, an etching 
rate of said stepped structure is lower than an etching rate of said 
second III-V compound semiconductor layer. 

According to the claim 6, the present invention provide: 
The process as claimed in claim 1, further comprising the step 

of: 

performing, after said wet etching step, a further wet-etching 
process using a further etchant containing hydrochloric acid and acetic 
acid to obtain a planar i zed structure, said further etchant having a 
composition tailored such that an etching rate of said stepped 
structure is greater than an etching rate of said second III-V compound 
semiconductor layer . 

According to the claim 7, the present invention provide: 
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The process as claimed in claim 6, wherein the relationship 
between an etching time Ti in said wet etching step and an etching time 
T2 in said planarizing step is determined in accordance with an 
equation: 

(V2~Vi) >cTi=(V3-V4)xT2, 

" where Vi is an etching rate of the InP layer in said wet etching 

step; 

V2 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 
layer in said planarizing step. 

According to the claim 8, the present invention provide: 
The process as claimed in claims 1 or 2, wherein said etchant 
has a composition tailored such that, in said wet etching step, an 
etching rate of said stepped structure is greater than an etching rate 
of said second III-V compound semiconductor layer. 

According to the claim 9, the present invention provide: 
The process as claimed in claim 8, further comprising the step 

of: 

d) performing, after said further etching process, a further 
wet-etching process using a further etchant containing hydrochloric 
acid and acetic acid to obtain a planarized structure, said further 
etchant having a composition tailored such that an etching rate of said 
stepped structure is smaller than an etching rate of said second III-V 
compound semiconductor layer . 

According to the claim 10, the present invention provide: 
The process as claimed in claim 11, wherein the relationship 
between an etching time Ti in said wet etching step and an etching time 
T2 in said planarizing step is determined . in accordance with an 
equation: 

(V1-V2) xTi=(V4-V3)xT2, 

where Vi is an etching rate of the InP layer in said wet etching 

step; 

V2 is an etching rate of said second III-V compound semiconductor 
layer in said wet etching step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 
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layer in said planarizing step. 

According to the claim 11^ the present invention provide: 
The process as claimed in claim 1 or 2, wherein said forming 

the stacked structure step further comprises the steps of: 

forming a pattern covering said second III-V compound 

semiconductor layer on said stacked structure; and 

growing an InP layer using said pattern as a growth mask, 
wherein said wet etching step is performed with said stacked 

structure being protected by said pattern. 

According to the claim 12, the present invention provide: 
The process as claimed in claim 11, further comprising the step 

of: 

d) removing said pattern after said wet etching step; and 

e) performing a further wet-etching process using a further 
etchant containing hydrochloric acid and acetic acid to obtain a 
planarized structure, said further etchant having a composition 
tailored such that an etching rate of said stepped structure is smaller 
than an etching rate of said second III-V compound semiconductor layer . 

According to the claim 13, the present invention provide: 
The process as claimed in claim 12, wherein the relationship between 
an etching time Ti in said wet etching step and an etching time T2 in 
said planarizing step is determined in accordance with an equation: 

VlX~^l=(V4-V3)xT2. 

where Vi is an etching rate of the InP layer in said wet etching 

step; 

V3 is an etching rate of the InP layer in said planarizing step; 

and 

V4 is an etching rate of said second III-V compound semiconductor 

layer in said planarizing step. 

According to the claim 14, the present invention provide: 
The process as claimed in claims 5 to 13, wherein said further 

etchant contains at least one of water and hydrogen peroxide solution. 
According to the claim 15, the present invention provide: 
The process as claimed in claims 1 or 2, wherein, after said 

wet etching step, said stepped structure is provided with a planarized 

surface formed of a (100), (Oil) or (0-1-1) surface. 

According to the claim 16, the present invention provide: 
The process as claimed in claim 15, wherein said planarized 

surface is substantially flush with the surface of said first III-V 

compound semiconductor layer . 
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According to the claim 17, the present invention provide: 
The process as claimed in claims 1 or 2, wherein, after said 
wet etching step, said stepped structure is provided with a planarized 
surface near a (100), (Oil) or (0-1-1) surface. 

According to the claim 18, the present invention provide: 
The process as claimed in claims 1 to 17, wherein said second 
III-V compound semiconductor layer has a composition chosen from a 
group consisting of InP, InGaAs, InAs, InGaP, InGaAsP and GalnNAs. 
According to the claim 19, the present invention provide: 
The process as claimed in claims 1 to 18, wherein said first 
III-V compound semiconductor layer has a composition chosen from a 
group consisting of InGaAs and InGaAsP. 

For a selective growth process of forming an InP buried layer 
at positions adjacent to a mesa-structure including III-V compound 
semiconductor layer containing In and having a composition different 
from InP using a selective growth mask, an etching etching rate 
adjusting layer of III-V compound semiconductor is formed on the 
above-mentioned compound semiconductor layer and then a wet-etching 
process is performed on the InP buried layer and the etching rate 
adjusting layer using an etchant containing hydrochloric acid and 
acetic acid. Accordingly, with such a process of manufacturing a 
semiconductor device, the stepped parts produced during the selective 
growth step of the InP buried layer can be eliminated and a planarized 
surface can be obtained which is flush with the upper surface of the 
above-mentioned compound semiconductor layer. 

In the following, principles and embodiments of the present 
invention will be described with reference to the accompanying 
drawings. 
[Action] 

Referring to Figs. 3, principles of the present invention will 
be described. Fig. 3 is a graph showing an etching amount toward the 
<100>, <0-ll> and <011> directions with respect to etching time for 
a basic experiment of the present invention in which an etching process 
is performed on a stepped InP layer using a mixture of hydrochloric 
acid, acetic acid and water mixed at a ratio of 1:5:1. 
[0 0 14] 

Referring to Fig. 3, it can be seen that the etching rates to 
the <100> and <011> directions are about 0.05 to 0.1 ym/min, where as 
the etching rate to the <0-ll> direction is about 15 lim/min, which is 
more than a hundred times greater than the etching rates to the <100> 
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and <011> directions. Therefore, when the stepped configuration is 
etched using the above-mentioned mixture, the stepped part to the 
<0-ll> direction recedes at a high rate. Accordingly, only the (100) 
and (Oil) surfaces and equivalent (0-1-1) surface remains as 
development surfaces and other surfaces will disappear. That is to 
say, it can be seen that by a wet-etching process using the 
above-mentioned etchant, only the (100)^ (Oil) or (0-1-1) surf ace will 
appear as a planarized surface on the InP layer. 
[0 0 15] 

When the ratio of the components in the etchant is altered, 
absolute etching rates will vary and relative etching rates with 
respect to each surface orientation will also vary. 
[0 0 16] 

Fig. 4 shows a graph of a ratio of the- etching rate toward the 
<0-ll> direction to the etching rate toward the <100> direction to 
against a ratio of concentration X of acetic acid to hydrochloric acid 
in the etchant. In Fig. 4, the ratio of concentration of hydrochloric 
acid: acetic acid: water of the above-mentioned etchant is expressed 
by 1:X:1. 

[0 0 17] 

Referring to Fig. 4, it can be seen that the etching rate to 
the <0-ll> direction is 30 to 160 times greater than the etching rate 
to the <100> direction for any concentration within the entire range 
of the acetic acid concentration X. Such an anisotropy of etching is 
obtained by hydrochloric acid and acetic acid contained in the etchant . 
Notably, it can be seen that a ratio of etching rates which is greater 
than or equal to 30 is obtained when the ratio of concentration of acetic 
acid to hydrochloric acid to X is in the range between 1 and 20. 
Accordingly, when the concentration of acetic acid in the etchant is 
chosen to be in the above-mentioned range, an object of the present 
invention to obtain a remarkable planarizing effect of the InP layer 
is achieved. 
[0018] 

When the concentration ratio of the water in the above-mentioned 
etchant changes, the concentration of (hydrochloric acid + acetic acid) 
will change. Therefore, the absolute value of the etching rate will 
change, but anisotropy of etching shown in Figs. 3 and 4 will not change 
and therefore does not affect the planarizing effect. 
[0 0 19] 

Anisotropy of etching provided by the etchant of the present 
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invention can also be obtained by adding hydrogen peroxide solution 
to the above-mentioned etchant mixture. 
[0 0 2 0] 

Fig. 5 is graph showing a ratio of etching rate toward the <0-ll> 
direction to etching rate toward the <100> direction when a stepped 
configuration of InP is etched by an etchant obtained by adding hydrogen 
peroxide solution to the above-mentioned mixture containing 
hydrochloric acid, acetic acid and water. 
[0 0 2 1] 

Referring to Fig. 5, it can be seen that, when the composition 
ratio of hydrochloric acid, acetic acid, hydrogen peroxide solution 
and water in the above-mentioned etchant is expressed by 1:1:Y:1, an 
anisotropy of a value greater than or equal to 30 is obtained when the 
value of concentration Y of hydrogen peroxide solution is in a range 
between 0 to 0 . 3 . 
[0 0 2 2] 

Fig. 6 is a graph showing an etching rate toward the <100> 
direction when the InP layer, an InGaAs layer and an InGaAsP layer having 
a composition giving a bandgap wavelength of 1.3 pm are wet-etched by 
an etchant containing hydrochloric acid, acetic acid, hydrogen 
peroxide solution and water. 
[0 0 2 3] 

Referring to Fig. 6, it can be seen that the etching rate varies 
for each compound semiconductor layer depending of the composition of 
the etchant, particularly the concentration Y of hydrogen peroxide 
solution. It can be seen that the etching rate of the InP layer is 
not significantly changed by the concentration of the hydrogen peroxide 
solution in the above-mentioned etchant. However, there are 
significant changes in the etching rates of the InGaAs layer and the 
InGaAsP layer, and thus it can be seen that the etching rates for those 
III-V group layers significantly increase due to an increase of the 
concentration of hydrogen peroxide solution. For example, when the 
concentration of hydrogen peroxide solution Y in the etchant is less 
than 0.4 (Y<0.4), the etching rate of the InP layer is greater than 
the etching rate of the InGaAsP layer. When the concentration of 
hydrogen peroxide solution Y in the etchant is greater than 0 . 4 { Y>0 . 4 ) , 
the relationship becomes opposite and the etching rate of the InGaAsP 
layer becomes greater than the etching rate of the InP layer. When 
the concentration of hydrogen peroxide solution Y in the etchant is 
set at a value equal to 0.4, the etching rate of the InGaAsP layer can 
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be substantially matched with the etching rate of the InP layer. 
[0 0 2 4] 

Similarly, when the concentration of hydrogen peroxide solution 
Y in the etchant is less than 0.2 (Y<0.2) , the etching rate of the InP 
layer is greater than the etching rate of the InGaAs layer and when 
the concentration of hydrogen peroxide solution Y in the etchant is 
greater than 0 . 2 ( Y>0 . 2 ) , the etching rate of the InGaAs layer is greater 
than the etching rate of the InP layer. Also, when the concentration 
of hydrogen peroxide solution Y in the etchant is set at a value equal 
to 0 - 2 , the etching rate of the InGaAs layer can be substantially matched 
with the etching rate of the InP layer. 
[0 0 2 51 

The principle of the process of manufacturing the semiconductor 
device of the present invention will be described by categorizing the 
principle into four basic types. 

A. TYPE I 

Figs. 7A to 7D are diagrams showing a first type of the principle 
of the process of manufacturing the semiconductor device of the present 
invention based on the relationships shown in Figs. 3 to 6. In Figs. 
7A to 7D, elements which have been described above are denoted by similar 
reference numerals and will not be described in detail. 
[0 0 2 6] 

Referring to Fig. 7A, in a manner similar to the structure shown 
in Fig. IC, a mesa-stripe structure is formed on the n-type InP substrate 
11 by a dry-etching process using a mask which is an insulating film 
pattern of a material such as Si02 or SiN. The mesa-stripe structure 
includes the active layer 12 having a multi-quantum well structure in 
which an InGaAsP quantum well layer and an InGaAsP barrier layer are 
alternately stacked, the p-type InP cladding layer 13 and the p-type 
InGaAs contact layer 14. However, the structure of Fig. 7A differs 
from the structure of Fig. IC in that a sacrificial layer or an etching 
rate adjusting layer 14A is inserted between the contact layer 14 and 
the insulating film pattern 15. Fe-doped InP high-resistance buried 
layers 16A and 16B are formed on both sides of the mesa-stripe structure 
by a selective growth process using the insulating film pattern 15 as 
a mask. The InP buried layers 16A and 16B are provided with stepped 
configurations 16a and 16b, similar to those shown in Fig. IC, which 
are characteristic features of the selective growth process using an 
insulating film as a mask.' 
[0 0 2 7] 
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Then, in a step shown in Fig. 7B, the insulating film pattern 
15 is removed. In a step shown in Fig. IC, the structure shown in Fig. 
7B is wet-etched using an etchant containing hydrochloric acid, acetic 
acid and hydrogen peroxide solution. Then, as has been described with 
reference to Fig. 3, the inclined surfaces toward the <0-ll> direction 
of the InP buried layers 16A and 16B are preferentially etched. As 
a result, planarized surfaces 16c and 16d formed of the (100), (Oil) 
or (0-1-1) surface develop on the InP layers 16A and 16B. As can be 
seen from Figs. 4 and 5, the planarizing operation of the stepped 
surfaces by anisotropic etching of the InP layer is most prominent when 
the mixture ratio of hydrochloric acid, acetic acid and hydrogen 
peroxide solution in the etchant is selected in a range between 1:1:0 
and 10:10:3- In other words, for the composition in the 
above-mentioned range of composition, the etchant shows anisotropy of 
a value greater than or equal to 30. 
[0 0 2 8] 

In the wet-etching step shown in Fig. 7C, the InGaAs etching 
rate adjusting layer 14A is also etched, so that the (100), (Oil) or 
(0-1-1) surface is developed in the same manner as the above-mentioned 
InP buried layers 16A and 16B. When an etchant for planarizing the 
InP layers 16A and 16B contains hydrochloric acid, acetic acid and 
hydrogen peroxide solution and has a composition with concentration 
of hydrogen peroxide solution Y being greater than 0.2 (Y>0.2) , it can 
be seen from Fig. 6 that the etching rate of the planarizing surfaces 
16c, 16d becomes smaller than the etching rate of the InGaAs etching 
rate adjusting layer 14A. As a result, the InGaAs etching rate 
adjusting layer 14A forms a recessed part that is recessed with respect 
to the InP buried layers 16A and 16B. 
[0 0 2 9] 

In the present invention, in the step shown in Fig. 7D, a further 
wet-etching process on the structure of Fig. 7C using a different 
etchant containing hydrochloric acid, acetic acid and hydrogen 
peroxide solution and having a composition with concentration of 
hydrogen peroxide solution Y being less than 0 . 2 ( Y<0 . 2 ) . Accordingly, 
the InP planarized surfaces 16c and 16d are etched at an etching rate 
greater than the etching rate of the etching rate adjusting layer 14A. 
Such wet-etching is continued until the etching rate adjusting layer 
14A is etched and removed, so as to obtain a planarized structure in 
which the planarized surfaces 16c and 16d are flush with the surface 
of the InGaAs contact layer 14. 
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[0 0 3 0] 

In the processes shown in Figs. 7A to 7D, the same principle 
applies for a case where an InGaAsP layer having a bandgap composition 
of 1.3 ijm shown in Fig. 6 is used as the etching rate adjusting layer 
14A. It can be seen that the concentration of hydrogen peroxide 
solution Y of the etchant used in the process of Fig. 7C should be 
selected as being greater than 0.4 (Y>0.4) and the concentration of 
hydrogen peroxide solution Y of the etchant used in the process of Fig. 
7D should be selected as being less than 0.4 (Y<0.4) . 
[0 0 3 11 

Also, in the process shown in Fig. 7D, in order to achieve a 
structure in which the surface of the contact layer 14 is flush with 
the planarized surfaces 16c and 16d of the InP buried layers 16A and 
16B, the durations of the wet-etching processes of Figs. 7C and 7D must 
be appropriately selected based on the etching rates of the etchants 
used in the respective wet-etching processes. 
[0 0 3 2] 

In detail, assuming that the stepped parts 16a, 16b shown in 
Fig. 7B have great anisotropy of etching and thus immediately 
planarized when the wet-etching process of Fig. 7C is started, a stepped 
part Lstep formed between the surface of the etching rate adjusting layer 
14A and the planarized surface 16c or 16d in the process shown in Fig. 
7C can be given by an equation: 

Lstep=(V2-Vi) xti, 

where Vi is the etching rate of the InP layer 16A or 16B in the process 
shown in Fig. 7C; 

V2 is the etching rate of the etching rate adjusting layer 14A 
in the process shown in Fig. 7C; and 

ti is an etching time in the process shown in Fig. 7C. 
[0 0 3 3] 

It is noted that the stepped part Lstep should disappear as a result 
of the wet-etching process shown in Fig. 7D. Thus, the following 
relationship must hold, which can be shown by an expression: 

Lstep= (V2-V1) >cti= (V3-V4) xt2, 

where, V3 is the etching rate of the InP layer 16A or 16B in the 
wet-etching process shown in Fig. 7D; 

V4 is the etching rate of the etching rate adjusting layer 14A 
in the wet-etching process shown in Fig. 7D; and 

t2 is an etching time in the process shown in Fig. 7D. 
[0 0 3 4] 
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Now^ it is approximated from the relationship shown in Fig. 6 
that the etching rate V3 of the InP buried layer 16A, 16B in the process 
shown in Fig. 7D is approximately equal to the etching rate VI of the 
InP buried layer 16A, 16B in the process shown in Fig. 7C (Vi^^Va) . Then, 
the above-mentioned relationship can be rewritten as: 

(V2-V1) xti={Vi-V4) Xt2. 

To completely remove the etching rate adjusting layer 14A in the process 
shown in Fig. IT), assuming that the relationship Vx^V^ holds, the 
thickness of the etching rate adjusting layer 14A may be selected at 
a value defined by an equation Vi^ (ti+ta) . 
B. TYPE II 

Figs. 8A to 8D are diagrams showing a second type of the principle 
of the process of manufacturing the semiconductor device of the present 
invention for a case where the etching rate of planarizing the InP buried 
layers 16A and 16B is greater than the etching rate of the etching rate 
adjusting layer 14A. In Figs. 8A to 8D, elements which have been 
described above are denoted by similar reference numerals and will not 
be described in detail. 
[0 0 3 5] 

Referring to Figs. 8A to 8D, the processes of Figs 8A and 8B 
are the same as the processes shown in Figs. 7A and 7B. That is to 
say, an InGaAs or InGaAsP etching rate adjusting layer 14A is formed 
on a p-type InGaAs contact layer 14, a mesa-stripe structure is formed 
on the InP substrate 11 using an insulating film pattern 15 as a mask, 
high-resistance InP buried layers 16A and 16B are formed on both sides 
of the mesa-stripe structure using the same insulating film pattern 
15 as a selective-growth mask and the insulating film pattern 15 is 
removed. 

[0 0 3 61 

In the process shown in Fig. 8C, a wet etching process is 
performed on the structure of Fig. 8B using an etchant containing 
hydrochloric acid, acetic acid and hydrogen peroxide solution and 
having a composition with the concentration of hydrogen peroxide 
solution being such that the etching rate of the InP buried layers 16A, 
16B is greater than the etching rate of the etching rate adjusting layer 
14A. Thus, the stepped parts 16a and 16b of the InP buried layers 16A 
and 16B are etched and produce the planar i zed surfaces 16c and 16d. 
As a result of such wet-etching process, the etching rate adjusting 
layer 14A protrudes upwardly from the planarized surfaces 16c and 16d 
and thus forms a protruded structure. 
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[0 0 3 7] 

Thus, the process shown in Fig. 8C is followed by the process 
shown in Fig. 8D. The etching rate adjusting layer 14A and the InP 
planarized surfaces 16c, 16d are etched using an etchant containing 
hydrochloric acid, acetic acid and hydrogen peroxide solution and 
having a composition with the concentration of hydrogen peroxide 
solution being such that the etching rate of the etching. rate adjusting 
layer is, greater than the etching rate of InP. 
[0 0 3 8] 

For the processes shown in Figs. 8A to 8D, when the etching rate 
adjusting layer 14A is of InGaAs, in accordance with the relationship 
shown in Fig. 6/ the concentration of hydrogen peroxide solution Y may 
be selected at a value less than 0.2 (Y<0.2) for the process shown in 
Fig. 8C and at a value greater than 0.2 (Y>0.2) for the process shown 
in Fig. 8D. When the etching, rate adjusting layer 14A is of InGaAsP 
layer which has a composition corresponding to a bandgap wavelength 
of a 1 . 3 ym, the concentration of hydrogen peroxide solution Y may be 
selected at a value less than 0.4 (Y<0.4) for the process shown in Fig. 
8C and at a value greater than 0.4 (Y>0.4) for the process shown in 
Fig. 8D. 

[003 9] 

Also, in the process shown in Fig. 8D, in order to achieve a 
structure in which the surface of the contact layer 14 is flush with 
the planarized surfaces 16c and 16d of the InP buried layers 16A and 
16B, the durations of the wet-etching processes of Figs. 8C and 8 D must 
be appropriately selected based on the etching rates of the etchants 
used in the respective wet-etching processes. 
[0 0 4 0] 

In detail, a stepped part Lstep formed between the surface of the 
etching rate adjusting layer 14A and the planarized surface 16c or 16d 
in the step shown in Fig. 8C can be given by an equation: 

Lstep={Vi-V2)xti, 

where Vi is the etching rate of the InP layer 16A or 16B in the process 
shown in Fig. 8C; 

V2 is the etching rate of the etching rate adjusting layer 14A 
in the process shown in Fig. 8C; and 

ti is an etching time in the process shown in Fig. 8C. 
[004 1] 

It is noted that the stepped part Lstep should disappear as a result 
of the wet-etching process shown in Fig. 8D. Thus, the following 
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relationship must hold, which can be shown by an expression: 

Lstep= (V1-V2) xti= (V4-V3) xt2, 

where, 

V3 is the etching rate of the InP layer 16A or 16B in the 
wet-etching process shown in Fig. 8D; 

V4 is the etching rate of the etching rate adjusting layer 14A 
in the wet-etching process shown in Fig. 8D; and 

t2 is an etching time in the process shown in Fig. 8D- 
[0 0 4 2] 

It is approximated from the relationship shown in Fig. 6 that 
the etching rate V3 of the InP buried layer 16A^ 16B in the process 
shown in Fig. 8D is approximately equal to the etching rate Vi of the 
InP buried layer 16A, 16B in the process shown in Fig. BC (Vi □ V3) . 
Then, the above-mentioned relationship can be rewritten, in a similar 
manner to the case shown in Figs. 7C and 7D, as: 

(V2-Vi)xti=(Vi-V4)xt2 
To completely remove the etching rate adjusting layer 14A in the process 
shown in Fig. 8D, assuming that the relationship Vi^^Vs holds, the 
thickness of the etching rate adjusting layer 14A may be selected at 
a value defined by an equation Vix (ti+t2) . 

C. TYPE III 

Figs . 9A to 9C are diagrams showing a third type of the principle 
of the process of manufacturing the semiconductor device of the present 
invention for a case where the etching rate of planarizing the InP buried 
layers 16A and 16B is equal to the etching rate of the etching rate 
adjusting layer 14A. In Figs. 9A to 9C, elements which have been 
described above are denoted by similar reference numerals and will not 
be described in detail. 
[0 0 4 3] 

Referring to Figs. 9A to 9C, the processes of Figs 9A and 9B 
are the same as the processes shown in Figs. 7A and 7B. That is to 
say, an InGaAs or InGaAsP etching rate adjusting layer 14A is formed 
on a p-type InGaAs contact layer 14, a mesa-stripe structure is formed 
on the InP substrate 11 using an insulating film pattern 15 as a mask, 
high-resistance InP buried layers 16A and 16B are formed on both sides 
of the mesa-stripe structure using the same insulating film pattern 
15 as a selective-growth mask and the insulating film pattern 15 is 
removed. 

[0 0 4 4] 

In the process shown in Fig. 9C, a wet etching process is 



18 



performed on the structure of Fig. 9B using an etchant containing 
hydrochloric acid, acetic acid and hydrogen peroxide solution and 
having a composition with the concentration of hydrogen peroxide 
solution being such that the etching rate of the InP buried layers 16A, 
16B is approximately equal to the etching rate of the etching rate 
adjusting layer 14A. Thus, the stepped parts 16a and 16b of the InP 
buried layers 16A and 16B are etched and produce the planarized surfaces 
16c and 16d. As a result of such wet-etching process, the etching rate 
adjusting layer 14A is etched at a rate that is substantially the same 
as that of the planarized surfaces 16c, 16d. Accordingly, a single 
wet-etching process produces a planar structure in which the planarized 
surfaces 16c, 16d and the surface of the etching rate adjusting layer 
14A are substantially flush with each other. 
[0 0 4 5] 

For the processes shown in- Figs. 9A to 9C, when the etching rate 
adjusting layer 14A is of InGaAs, in accordance with the relationship 
shown in Fig. 6, the concentration of hydrogen peroxide solution Y may 
be selected at a value approximately equal to 0 . 2 (YD0.2) for the process 
shown in Fig. 9C. When the etching rate adjusting layer 14A is of 
InGaAsP layer which has a composition corresponding to a bandgap 
wavelength of a 1.3 ym, the concentration of hydrogen peroxide solution 
Y may be selected at a value approximately equal to 0.4 (YD0.4) for 
the process shown in Fig. 9C. 
10 0 4 6] 

For the process of manufacturing the semiconductor device in 
accordance with Type III illustrated in Figs. 9A to 9C, InP may be used 
as the etching rate adjusting layer 14A. When InP is used, in the 
wet-etching and planarizing process of Fig. 9C, there is no difference 
in the etching rates of the InP buried layer 16A, 16B and the etching 
rate adjusting layer 14A. Therefore, hydrogen peroxide solution 
contained in the etchant may be of any concentration. 

D. TYPE IV 

Figs. lOA to lOD are diagrams showing a fourth type of the 
principle of the process of manufacturing the semiconductor device of 
the present invention in which, when planarizing the InP buried layers 
ISA and 16B, the selective-growth mask used for forming the InP buried 
layer by a regrowth process is not removed and used as an etching mask. 
In Figs - lOA to lOD, elements which have been described above are denoted 
by similar reference numerals and will not be described in detail. 
[0 0 4 7] 
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Referring to Figs. lOA to lOD, the process of Fig. lOA is the 
same as the process shown in Fig. 7A. That is to say, an InGaAs or 
InGaAsP etching rate adjusting layer 14A is formed on a p-type InGaAs 
contact layer 14, a mesa-stripe structure is formed on the InP substrate 
11 using an insulating film pattern 15 as a mask, high-resistance InP 
buried layers 16A and 16B are formed on both sides of the mesa-stripe 
structure using the same insulating film pattern 15 as a 
selective-growth mask. 
[0 0 4 8] 

Then, in the process shown in Fig. lOB, with the insulating film 
pattern 15 being remained, a wet etching process is performed on the 
structure of Fig. lOA using an etchant containing hydrochloric acid, 
acetic acid and hydrogen peroxide solution. Thus, the stepped parts 
16a and 16b of the InP buried layers 16A and 16B are etched and produce 
the planarized surfaces 16c and 16d. As a result of such wet-etching 
process, since the mesa-structure is protected by the .insulating film 
pattern 15, the etching rate adjusting layer 14A protrudes upwardly 
from the planarized surfaces 16c and 16d and thus forms a protruded 
structure. 

[0 0 4 9] 

Then, in the process shown in Fig. IOC, the insulating film 
pattern 15 is removed. Further, in the process shown in Fig. lOD, the 
InGaAsP 14A and the InP planarized surfaces 16c and 16d are etched using 
an etchant containing hydrochloric acid, acetic acid and hydrogen 
peroxide solution and has a composition with concentration of hydrogen 
peroxide solution being selected such that the etching rate of the 
etching rate adjusting layer is greater than the etching rate of InP. 
[0 0 5 0] 

For the processes shown in Fig. lOB, when the etching rate 
adjusting layer 14A is of InGaAs, the concentration of hydrogen 
peroxide solution Y may be selected as any value on a graph of Fig. 
5 within a range where surface orientation selectivity is obtained. 
However, for the process shown in Fig. lOD, the concentration of 
hydrogen peroxide solution Y is preferably selected at a value greater 
than 0.2 (Y>0.2) such that the etching rate adjusting layer 14A will 
be etched at a greater rate. When the etching rate adjusting layer 
14A is of InGaAsP layer which has a composition corresponding to a 
bandgap wavelength of a 1-3 pm, for the process shown in Fig. lOB, the 
concentration of hydrogen peroxide solution Ymay be similarly selected 
as any value within a range where surface orientation selectivity is 



20 



obtained. However^ for the process shown in Fig. lOD^ the 
concentration of hydrogen peroxide solution Y is preferably selected 
at a value greater than 0.4 (Y>0.4) such that the InGaAsP etching rate 
adjusting layer 14A will be etched at a greater rate. 
[0 0 5 1] 

Also, in the process shown in Fig. lOD, in order to achieve a 
structure in which the surface of the contact layer 14 is flush with 
the planarized surfaces 16c and 16d of the InP buried layers 16A and 
16B, the durations of the wet-etching processes of Figs. lOB and lOD 
must be appropriately selected based on the etching rates of the 
etchants used in the respective wet-etching processes. 
[0 0 5 2] 

In detail, a stepped part Lstep formed between the surface of the 
etching rate adjusting layer 14A and the planarized surface 16c or 16d 
in the step shown in Fig. lOB can be given by an equation: . 

Lstep^Vi^ti, 

where Vi is the etching rate of the InP layer 16A or 16B in the process 
shown in Fig. lOB; and 

ti is an etching time in the process shown in Fig. lOB. 
[0 0 5 3] 

It is noted that the stepped part Lstep should disappear as a result 
of the wet-etching process shown in Fig. lOD. Thus, the following 
relationship must hold, which can be shown by an expression: 

Lstep=ViXti= (V4-V3) xt2, 

where, 

V3 is the etching rate of the InP layer 16A or 16B in the 
wet-etching process shown in Fig. lOD; 

V4 is the etching rate of the etching rate adjusting layer 14A 
in the wet-etching process shown in Fig. lOD; and 

t2 is an etching time in the process shown in Fig. l.OD. 
[0 0 5 4] 

Now, it is approximated from the relationship shown in Fig. 6 
that the etching rate V3 of the InP buried layer 16A, 16B in the process 
shown in Fig. lOD is approximately equal to the etching rate Vi of the 
InP buried layer 16A, 16B in the process shown in Fig. lOB (Vi □ V3) . 
Then, the above-mentioned relationship can be rewritten as: 

Vixti=(V4-Vi)xt2. 

To completely remove the etching rate adjusting layer 14A in the process 
shown in Fig. lOD, assuming that the relationship Vi^^Vs holds, the 
thickness of the etching rate adjusting layer 14A may be selected at 
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a value defined by an equation Vix (ti+t2) . 
[0 0 5 5] 

For the above-described types I to IV^ InGaAs or InGaAsP is used 
as the etching rate adjusting layer 14A. However, the material of the 
etching rate adjusting layer 14A is not limited to such material, but 
may also be any one of InGaAs, InAs, InGaP, InGaAsP and GalnNAs. In 
order to vary the selectivity of etching between the wet-etching 
process and the planarizing process, the concentration of acetic acid 
X in the etchant may be altered. Particularly when the etching rate 
adjusting layer 14A is of InGaAsP with the composition having a bandgap 
within a range between 1.3 \xrci and 1.65 jam, a value between the etching 
rate of InGaAsP and the etching rate of InGaAs for the 1 . 3 ^m composition 
is obtained in accordance with the relationship shown in Fig. 6. 
[0 0 5 6] 

In the principle described above, the stepped part between the 
embedded InP layer 16A, 16B and the contact layer 14 are substantially 
eliminated by performing one or two wet-etching and planarizing 
process/processes. However, the present invention not only includes 
a case where the stepped part is completely eliminated but also a case 
where the stepped part has been reduced compared to the original state 
as a result of the planarizing process. 
[0 0 5 7] 

Also, regarding the process of planarizing the original stepped 
parts 16a and 16b on the InP buried layers 16A and 16B based on the 
relationships illustrated in Figs. 3 to 5, such as the process shown 
in Fig. 7C, the present invention includes not only a case where the 
planarized surfaces 16c and 16d obtained as a result of wet-etching 
is flush with the (100) , (Oil) and (0—1—1) surface but also a case where 
a surface having an index closer to those crystal surfaces is obtained. 
[0 0 5 8] 
[Embodiment of the Invention] 
[First embodiment] 

Referring now to Figs. IIA to 12G, a process of manufacturing 
a laser diode having a BH structure of a first embodiment of the present 
invention will be described. 
[0 0 5 9] 

As shown in Fig. IIA, on an n-type TnP substrate 101, an 
InGaAsP/InGaAsP multi-quantum well active layer 102, a p-type InP 
cladding layer 103, and a p-type InGaAs contact layer 104 are 
successively stacked and then an etching etching rate adjusting layer 
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104A of InGaAsP having a composition giving a bandgap wavelength of 
1.3 \im is stacked with a thickness of about 0.4 |im. 
[0 0 6 01 

Then, in a process shown in Fig. IIB, dry-etching is performed 
using the Si02 film 105 as an etching mask so as to form an active layer 
mesa-stripe lOlM. In the illustrated example, the active layer 
mesa-stripe lOlM extend in the <011> direction. 
[0 0 6 1] 

Then, in a process shown in Fig. IIC, a MOVPE method is 
implemented using the Si02 film 105 as a selective growth mask. Thus, 
Fe-doped InP buried layers 106i, IO62 are formed on the substrate 101 
on both sides of the mesa-stripe lOlM. The above-described MOVPE 
method is performed under a condition of, for example, a growth 
temperature of 630 □ and a growth pressure of 0.1 atmosphere. TMIn, 
PH3 and Cp2Fe are used as materials of III group element, V group element 
and Fe-dopants, respectively. 
[0 0 6 2] 

In the present einbodiment, the thickness of the InP buried layer 
IO61, IO62 are chosen such that the lowermost part of the InP buried 
layer IO61, IO62 is at a level higher than the InGaAsP etching rate 
adjusting layer 104A in the mesa-stripe lOlM. As a result of the 
process shown in Fig. IIC, raised parts 106a, 106b are formed on the 
InP buried layer IO61, IO62, respectively, at positions adjacent the 
Si02 film 105 on the mesa-stripe lOlM. 
[0 0 6 3] 

In a process shown in Fig. 12D, the structure shown in Fig. IIC 
is wet-etched using a first etchant which is a mixture of hydrochloric 
acid, acetic acid, hydrogen peroxide solution and water. 
[0 0 6 4] 

In the process shown in Fig. 12D, the composition ratio of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
in the above-mentioned etchant is selected as 1:1:0.1:1. The etching 
process is performed with a temperature of the mixture at 23D and 
typically for 1 minute. As a result of such an etching process, as 
shown in Fig. 12D, the surfaces 106a, 106b of the InP buried layers 
106A, 106B changes to the (100) surfaces or planarized surfaces 106c, 
106d near the (100) sufaces. The planarized surfaces 106c, 106d form 
stepped parts having a height of about 0 . 12 pm with respect to the 
surface of the InGaAsP layer 104A protected by the Si02 film 105. 
[0 0 6 5] 
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Then, in a process shown in Fig. 12E, the Si02 film 105 is removed 
by an HF treatment. Then in a process shown in Fig. 12F, the structure 
shown in Fig. 12E is wet-etched using a second etchant which is a mixture 
of hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
until the p-type InGaAs contact layer 104 underlying the InGaAsP layer 
104A is exposed. 
[0 0 6 6] 

In the wet-etching process shown in Fig. 12F, the composition 
ratio of hydrochloric acid, acetic acid, hydrogen peroxide solution 
and water is selected as 1:1:0.6:1. The etching process is performed 
with a temperature of the mixture at 23D and typically for 2 minutes. 
In the wet-etching process using the second etchant, the etching rate 
of the InGaAsP layer 14A becomes greater than the etching rate of the 
InP buried layers 106i, IO62. As a result, the stepped part on the 
surface produced in - the process shown in Fig. 12E disappears . 
Accordingly, as shown in Fig. 12F, the InP buried layers IO61, IO62 
and the contact layer 104 become flush. 
[0 0 6 7] 

Finally, a process shown in Fig. 12G, a p-side electrode 107 
is formed on the p-type InGaAs layer 104 and an n-side electrode 108 
is formed on a lower surface of the substrate 101. 
[0 0 6 8] 

In the present embodiment, the InP buried layers 10 61, 10 62 is 
flush with the contact layer 104. Therefore, the p-side electrode 107 
is stacked on a flat surface and thus the break of the electrode 
illustrated in Fig. 2 will not occur. 
[Second embodiment] 

Referring now to Figs. 13A to 14F, a process of manufacturing 
a laser diode having a BH structure of a second embodiment of the present 
invention will be described. In Figs. 13A to 14F, elements which have 
been described above are denoted by similar reference numerals and will 
not be described in detail. 
[0 0 6 9] 

Referring to Figs. 13A to 14 F, processes shown in Figs. 13A to 
13C are substantially the same as the processes shown in Figs. IIA to 
lie. That is to say, InP buried layers IO61 and IO62 are formed by a 
regrowth process using the Si02 film 105 as a selective growth mask 
on both sides of the mesa-structure lOlM covered by Si02 film 105. 
During the regrowth process, the stepped parts 106a and 106b are formed 
on the InP buried layers IO61 and 1062^ respectively. In the processes 
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shown in Figs. 13A to 13C, the InGaAsP layer 104A are formed with a 
thickness of about 0.52 \xm. 
[0 0 7 0] 

Then in the process of Fig. 14 D, the Si02 film 105 is removed 
by an HF treatment. Then in*a process shown in Fig. 14E, the structure 
shown in Fig. 14D is wet-etched using a first etchant which is a mixture 
of hydrochloric acid, acetic acid, hydrogen peroxide solution and 
water. 

[0 0 7 1 1 

In the process . shown in Fig. 14E, the composition ratio of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
in the above-mentioned etchant is selected as 1:1:0.1:1. The etching 
process is perfoirmed with a temperature of the mixture at 2 3D and 
typically for 1 minute. When the first etchant is used, the etching 
rate of the. InP buried layer 106i and IO62 is greater than the etching 
rate of the InGaAsP etching rate adjusting layer 104A. As a result 
of such an etching process, as shown in Fig. 14E, the surfaces 106a, 
106b of the InP buried layers 106A, 106B changes to the (100) surfaces 
or planarized surf aces 106c, 106dnearthe (100) surfaces. Thus-formed 
planarized surfaces 106c, 106d form steps having a height of about 0. 12 
}im with respect to the surface of the InGaAsP layer 104A. Thus, a 
protruded structure having a height 0.12 pm is formed on the structure 
shown in Fig. 14E- 
[0 0 7 2] 

Then, in a process shown in Fig. 14F, the structure shown in 
Fig. 14E is wet-etched using a second etchant which is a mixture of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
until the p-type InGaAs contact layer 104 underlying the InGaAsP layer 
104A is exposed. 
[0 0 7 3] 

In the wet-etching process shown in Fig. 14 F, the composition 
ratio of hydrochloric acid, acetic acid, hydrogen peroxide solution 
and water is selected as 1:1:0.6:1. The etching process is performed 
with a temperature of the mixture at 23D and typically for 2 minutes. 
In the wet-etching process using the second etchant, the etching rate 
of the InGaAsP etching rate adjusting layer 14A becomes greater than 
the etching rate of the InP buried layers IO61, IO62- As a result, the 
stepped part of the surface produced in the process shown in Fig. 14E 
disappears. Accordingly, as shown in Fig. 14 F, the InP buried layers 
IO61, IO62 and the contact layer 104 become flush. 
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[0 0 7 4] 

Finally, although not shown in the figures, in a manner similar 
to a process shown in Fig. 12G, a p-side electrode 107 is formed on 
the p-type InGaAs layer 104 and an n-side electrode 108 is formed on 
a lower surface of the substrate 101. 
[0 0 7 5] 

In the present embodiment,- the embedded layers 106i, 10 62 form 
a planarized surface with the contact layer 104 . Therefore, the p-side 
electrode 107 is stacked on a flat surface and thus the break of the 
electrode illustrated in Fig. 2 will not occur. 
[Third embodiment] 

Referring now to Figs. ISA to 16F, a process of manufacturing 
a laser diode having a BH structure of a third embodiment of the present 
invention will be described. In Figs. ISA to 16F, elements which have 
been described above are denoted by similar reference numerals and will 
not be described in detail. 
[0 0 7 6] 

Referring to Figs. ISA to 16F, processes shown in Figs. ISA to 
ISC are substantially the same as the processes shown in Figs. 13A to 
13C. That is to say, InP buried layers IO61 and IO62 are formed by a 
regrowth process using the Si02 film lOS as a selective growth mask 
on both sides of the mesa-structure lOlM covered by Si02 film lOS. 
During the regrowth process, the stepped parts 106a and 106b are formed 
on the InP buried layers IO61 and IO62, respectively- In the processes 
shown in Figs. 15A to ISC, the InGaAsP layer 104A are formed with a 
thickness of about 0.S2 pm. 
[0 0 7 7] 

Then in the process of Fig. 16D, the Si02 film 105 is removed 
by an HF treatment. Then in a process shown in Fig. 16E, the structure 
shown in Fig. 16D is wet-etched using a first etchant which is a mixture 
of hydrochloric acid, acetic acid, hydrogen peroxide solution and 
water. 

[0 0 7 8] 

In the process shown in Fig. 16E, the composition ratio of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
in the above-mentioned etchant is selected as 1:1:0.3:1. The etching 
process is performed with a temperature of the mixture at 2 3D and 
typically for 1 minute. When the first etchant is used, the etching 
rate of the InP buried layer IO61 and IO62 is smaller than the etching 
rate of the InGaAs etching rate adjusting layer 104A. As a result of 
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such an etching process, as shown in Fig. 16E, the surfaces 106a, 106b 
of the InP buried layers 106A, 106B changes to the (100) surfaces or 
planarized surfaces 106c, 106d near the (100) surfaces. Thus-formed 
planarized surfaces 106c, 106d form stepped parts having a height of 
about 0.12 ym with respect to the surface of the InGaAsP layer 104A. 
Thus, a recessed structure having a depth 0.12- ym is formed on the 
structure shown in Fig. 16E. 
[0 0 7 9] 

Then, in a process shown in Fig. 16F, the structure shown in 
Fig. 16E is wet-etched using a second etchant which is a mixture of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
until the p-type InGaAs contact layer 104 underlying the InGaAsP layer 
104A is exposed. 
[0 0 8 0] 

In the wet-etching process shown in Fig. 16F, for the second 
etchant, the composition ratio of hydrochloric acid, acetic acid, 
hydrogen peroxide solution and water is selected as 1:1:0.1:1. The 
etching process is performed with a temperature of the mixture at 230 
and typically for 2 minutes. In the wet-etching process using the 
second etchant, the etching rate of the InGaAsP etching rate adjusting 
layer 104A becomes smaller than the etching rate of the InP buried layers 
106i, IO62. As a result, the stepped parts of the surface produced in 
the process shown in Fig. 16E disappears. Accordingly, as shown in 
Fig. 16F, the InP buried layers IO61, IO62 and the contact layer 104 
become flush. 
[0 0 8 1] 

Finally, although not shown in the figures, in a manner similar 
to a process shown in Fig. 12G, a p-side electrode 107 is formed on 
the p-type InGaAs layer 104 and an n-side electrode 108 is formed on 
a lower surface of the substrate 101. 
[0 0 8 2] 

In the present embodiment, the embedded layers IO61, IO62 form 
a planarized surface with the contact layer 104 in the step shown in 
Fig. 16F. Therefore, the p-side electrode 107 is stacked on a flat 
surface and thus the break of the electrode illustrated in Fig. 2 will 
not occur. 
[Fourth embodiment] 

Referring now to Figs. 17A to 18E, a process of manufacturing 
a laser diode having a BH structure of a third embodiment of the present 
invention will be described. In Figs. 17A to 18E, elements which have 
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been described above are denoted by similar reference numerals and will 
not be described in detail. 
[0 0 8 3] 

Referring to Figs. 17A to 18E, processes shown in Figs. 17A to 
18E are substantially the same as the processes shown in Figs. 13A to 
13C. That is to say, InP buried layers IO61 and IO62 are formed by a 
regrowth process using the SiOz film 105 as a selective growth mask 
on both sides of the mesa-structure lOlM covered by Si02 film 105. 
During the regrowth process, the stepped parts 106a and 106b are formed 
on the InP buried layers IO61 and IO62, respectively. In the processes 
shown in Figs. 18A to C, the InGaAsP layer 104A are formed with a 
thickness of about 0.28 vim. 
[0 0 8 41 

Then in the process of Fig. 18D, the Si02 film 105 is removed 
by an HF treatment. Then in a process shown in Fig. 18E, the structure 
shown in Fig. 18D is wet-etched using an etchant which is a mixture 
of hydrochloric acid, acetic acid, hydrogen peroxide solution and 
water. 

[0 0 8 5] 

In the process shown in Fig. 18E, the composition ratio of 
hydrochloric acid, acetic acid, hydrogen peroxide solution and water 
in the above-mentioned etchant is selected as 1:1:0.2:1. The etching 
process is performed with a temperature of the mixture at 230 and 
typically for 2 minutes. When the above-mentioned etchant is used, 
substantially the same etching rate is obtained for the InP buried 
layers IO61 and IO62 and for the InGaAsP etching rate adjusting layer 
104A. As a result of such an etching process, as shown in Fig. 18E, 
the surfaces 106a, 106b of the InP buried layers 106A, 106B changes 
to the (100) surfaces or planarized surfaces 106c, 10 6d near the (100) 
surfaces and the planarized surfaces 106c an 106d form planarized 
surfaces which are substantially flush with the surface of the InGaAs 
contact layer 104. 
[0 0 8 6] 

Finally, although not shown in the figures, in a manner similar 
to a process shown in Fig. 12G, a p-side electrode 107 is formed on 
the p-type InGaAs layer 104 and an n-side electrode 108 is formed on 
a lower surface of the substrate 101. 
[0 0 8 7] 

In the present embodiment, the embedded layers IO61, IO62 form 
a planarized surface with the contact layer 104 in the step shown in 
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Fig- 18E. Therefore, the p-side electrode 107 is stacked on a flat 
surface and thus the break of the electrode illustrated in Fig. 2 will 
not occur. 
[Fifth embodiment] 

Referring now to Figs. 19A to 20E, a process of manufacturing 
a laser diode having a BH structure of a third embodiment of the present 
invention will be described. In Figs. 19A to 20E, elements which have 
been described above are denoted by similar reference numerals and will 
not be described in detail. 
[0 0 8 8] 

Referring to Figs. 19A to 20E, processes shown in Figs. 19A to 
20E are substantially the same as the processes shown in Figs. 13A to 
13C. That is to say, InP buried layers 106i and 10 62 are formed by a 
regrowth process using the Si02 film 105 as a selective growth mask 
on both sides of the mesa-structure lOlM covered by Si02 film 105. 
During the regrowth process, the stepped parts 106a and 106b are formed 
on the InP buried layers IO61 and 1062, respectively. In the processes 
shown in Figs. 19A to 19C, instead of the InGaAsP layer 104A used in 
the processes of Figs. 13A to 13C, the InP layer 104B is formed on the 
contact layer 104 with a thickness of about 0.2 jam. 
[0 0 8 9] 

Then in the process of Fig. 20D, the Si02 film 105 is removed 
by an HF treatment. Then in a process shown in Fig. 20E, the structure 
shown in Fig. 20D is wet-etched using an etchant which is a mixture 
of hydrochloric acid, acetic acid and water. 
[0 0 9 0] 

In the process shown in Fig. 20E, the composition ratio of 
hydrochloric acid, acetic acid and water in the above-mentioned etchant 
is selected as 1:5:1. The etching process is performed with a 
temperature of the mixture at 23D and typically for 2 minutes. As a 
result of such an etching process, as shown in Fig. 20E, the surfaces 
106a, 106b of the InP buried layers 106A, 106B changes to the (100) 
surfaces or planarized surfaces 106c, 106d near the (100) surfaces and 
the planarized surfaces 106c an 106d form planarized surfaces which 
are substantially flush with the surface of the InGaAs contact layer 
104. 

[0 0 9 1] 

Finally, although not shown in the figures, in a manner similar 
to a process shown in Fig. 12G, a p-side electrode 107 is formed on 
the p-type InGaAs layer 104 and an n-side electrode 108 is formed on 
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a lower surface of the substrate 101. 
[0 0 9 2] 

In the present embodiment, the embedded layers 10 61, 10 62 form 
a planarized surface with the contact layer 104 in the step shown in 
Fig. 20E. Therefore, the p-side electrode 107 is stacked on a flat 
surface and thus the break of the electrode illustrated in Fig. 2 will 
not occur. 

[0 0 9 3] 

Further, the present invention is not limited to these 
embodiments, and variations and modifications may be made without 
departing from the scope of the present invention. 
[0 0 9 4] 
[Effect of the Invention] 

According to the present invention, a process of manufacturing 
a semiconductor device in which, after forming a stepped structure of 
InP in a region adjacent to a mesa structure including a III-V group 
compound semiconductor layer by a regrowth process of an InP layer using 
a selective growth mask, the stepped structure is planarized by a simple 
wet-etching process to provide a planarized surface substantially 
flush with the surface of the III-V compound semiconductor layer. 
[Figures] 

[Figure 1 ] diagrams showing various steps of a manuf acturing process 
of a laser diode having a buried hetero structure of the related art. 

[Figure 2 ] diagram showing a problematic aspect of the process of Fig. 
1. 

[ Figure 3 ] graph for explaining the principle of the present 
invention. 

[Figure 4] another graph for explaining the principle of the present 
invention. 

[Figure 5] still another graph for explaining the principle of the 
present invention. 

[Figure 6] yet another graph for explaining the principle of the 
present invention. 

[Figure 7] diagrams showing various steps of a first basic type of 
the process of manufacturing the semiconductor device of the present 
invention. 

[Figure 8] diagrams showing various steps of a second basic type of 
the process of manufacturing the semiconductor device of the present 
invention. 

[Figure 9] diagrams showing various steps of a third basic type of 
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the process of manufacturing the semiconductor device, of the present 
invention. 

[Figure 10] diagrams showing various steps of a fourth basic type 
of the process of manufacturing the semiconductor device of the present 
invention. 

[Figure 111 diagrams showing various steps of a manufacturing process 
of a first embodiment of the present invention. 

[Figure 12] diagrams showing various steps following the steps shown 
in Fig. IIC. 

[Figure 13] diagrams showing various steps of a manufacturing process 
of a second embodiment of the present invention. 

[Figure 14] diagrams showing various steps following the steps shown 
in Fig. 13C. 

[Figure 15] diagrams showing various steps of a manufacturing process 
of a third embodiment of the present invention. 

[Figure 16] diagrams showing various steps following the steps shown 
in Fig. 15C. 

[Figure 17] diagrams showing various steps of a manufacturing process 
of a fourth embodiment of the present invention. 

[Figure 18] diagrams showing various steps following the steps shown 
in Fig. 17C. 

[Figure 1 9 1 diagrams showing various steps of a manufacturing process 
of a fifth embodiment of the present invention. 

[Figure 2 0] diagrams showing various steps following the steps shown 
in Fig. 19C. 
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diagrams showing various steps of a first basic type of the 
process of manufacturing the semiconductor devicp-^^-^.the 
present invention, 
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*■«; diagrams showing various steps of a second basic type of the 
SEP 00 200< process of manufacturing the semiconductor device of the 
^ present invention. 
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diagrams showing various steps of a third basic type of the 
rocess of manufacturing the .semiconductor device of the 
present invention. 
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diagrams .showing various steps of a fourth basic type of the 
^process of manufacturing the semiconductor device of the 
^ present invention . 
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iagrams showing various steps of a manufacturing process of 
first embodiment of the present invention. 
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TSJjfc siagrams showing various steps following the steps shown in Fig. 
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^iagrams showing various steps of a manufacturing process of 
^^tV'iS^**^^ a second embodiment of the present invention. 
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^iagraras showing various steps following the steps shown in Fig, 
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iagrams showing various steps of a manufacturing process of 
Tl^^^f^' a third embodiment of the present invention. 
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^^^diagrams showing various steps of a manufacturing process of 
j^fi^ a fourth embodiment of the present invention. 
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^diagrams showing various steps of a manufacturing process of 
"^■h->AT^^'^ a fifth embodiment of the present invention. 
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^diagrams showing various steps following the steps. shown in Fig. 
rf 19C. 
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[Name of Document! Abstract 
[summary] 

[problem to be solved ] 

In a structure f oinned by InP buried layer by means of a selective growth 
using insulated layer pattern in a mesa-stripe structure as elective 
growth mask in close to the mesa structure comprising III-V compound 
semiconductor layer containing In and having a composition different 
from InP, the InP buried layer and III-V compound semiconductor layer 
is planarized by simple wet etching process. 

[solution 1 

In the mesa-stripe structure^ III-V compound semiconductor layer 
having In is formed over the III-V compound semiconductor layer as 
s'acrifice layer, a composition of a etchant having a solution 
consisting of a chloric acid and acetic acid are selected upon the 
consideration of the etching rate of the InP buried layer and the etching 
rate of the sacrifice layer when the etchant is used for the 
planarization of the InP buried layer and the etching of the sacrifice 
layer. 

[selected Figure] Figure 7 
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